An ascites form of malignant transformed lymphoma cells were treated in vitro with liposomes of 1:1 lecithin-cholesterol in order to increase the cholesterol level of the cell-surface membranes and thereby to increase the rigidity of the lipid layer. This treatment was found to inhibit the rate of killing by ascites tumor after intraperitoneal inoculation into adult mice of 104 and 105 treated cells per animal. 
10' cells per animal.
Tkh e dynamics of cell-surface membranes are mainly determined by the fluid state of the lipid layer and are now believed to play a major role in cellular regulatory mechanisms (1). In a recent study we have shown that the microviscosity in the hydrocarbon core of the surface membrane lipid layer of normal lymphocytes is almost twice that of malignant transformed lymphoma cells from mice (2). An analogous difference was also observed in human lymphocytes from normal donors and chronic lymphatic leukemic patients (3). Chemical analysis of lipid extracts showed that the higher fluidity in the transformed cells correlates with a marked decrease in cholesterol content. Both the cholesterol level and the microviscosity of the surface membrane lipid layer in the lymphoma cells could be raised to levels characteristic of the normal lymphocytes by incubation with 1:1 lecithin-cholesterol liposomes (2). In the present study we examined whether the in vitro increase of the surface membrane cholesterol in lymphoma cells, to the level found in normal lymphocytes, affects the tumorigenicity of these cells in vivo.
MATERIALS AND METHODS
Liposomes of lecithin and of lecithin-cholesterol (1:1, M/M) were prepared as follows. Solutions of 80 mg of egg-lecithin (Lipid Products, Ltd., England) or 80 mg of egg-lecithin mixed with 40 mg of cholesterol (Sigma) in 2: 1 (v/v) chloroform: methanol were evaporated to dryness under nitrogen and dispersed in 10 ml of 0.15 M KCl. The dispersions were then subjected to an ultrasonic irradiation for 30 min with a Braun-Sonic 300 (B. Braun, Melsungen, Germany) at maximum energy output and without cooling. The sonicated solutions were centrifuged at 30,000 X g, whereupon insoluble material and big liposomes, amounting to about 10% of the total lipid, were separated and discarded. Liposomes were kept at 40 and used not later than 24 hr after preparation.
The malignant lymphoma cells were an ascites form of a Moloney virus-induced lymphoma in mice (4 Fluorescence polarization and intensity were measured with an instrument which was previously described (6) . Excitation was performed with a polarized 366-nm band generated from a 500 W mercury arc, and the emitted light was detected in two independent cross-polarized channels equipped with cutoff filters of 2 M NaNO2. The Malignant transformed lymphoma cells were treated in vitro in three different media for 2 hr at 4°and then inoculated intraperitoneally into groups of 20, A-strain mice. perpendicular, respectively, to the direction of polarization of the exciting light.
For determination of cholesterol, lipids were first extracted by incubation of cells with chloroform:methanol (2:1, v/v) for 12 hr at 4°. The free cholesterol was separated from cholesterol esters and from other lipids by column chromatography on silicic acid (7), and the amount was determined by the FeCl6 method of Brown et al. (8) .
RESULTS AND DISCUSSION
The virus-induced lymphoma cells are highly malignant and inoculation of even a few cells into a mouse results in killing within a short period of time (4, 9) . Fig. 1 Fig. 2 . The lecithin-cholesterol treatment in this case resulted in virtually full survival of the infected mice.
In a previous study (2) we have shown that the microviscosity in the surface membrane lipid layer of these lymphoma cells is almost half that of normal lymphocytes from mice or rats. The lower microviscosity in the transformed cells originates to a major extent from a lower level of cholesterol in the cell surface membranes. However, incubation of these cells with 1:1 lecithin-cholesterol liposomes can result in an increase of their cholesterol content to a level close to that found in normal lymphocytes (2). membrane lipid layers. For comparison, the cholesterol level and the p value obtained with untreated normal mouse lymphocytes are also included. The p value can serve as a qualitative measure for the microviscosity in the cell surface membrane lipid layer (2, 3, 5). As shown in Table 2 , the treatment of the lymphoma cells with the lecithin-cholesterol liposomes resulted in an increase in cholesterol contents and in.p value up to levels which are similar to those found in the normal lymphocytes. On the other hand, treatment with lecithin liposomes affected these parameters only slightly.
Liposomes can exchange sterols with cell surface membranes in a fashion similar to lipoproteins (10) (11) (12) . The .exchange mechanism presumably involves a physical contact between the liposomes and exposed lipid regions on the membrane, through which the sterols are translocated according to their partition characteristics. Using "C-labeled lecithin, we have observed that after three washings of the liposome-treated cells only a trace of radioactive material remains in contact with the cells, which indicates that the contact between the The degree of fluorescence polarization, p, of DPH embedded in the cell-surface membranes, which is also included, presents a qualitative measure for the microviscosity in the membrane lipid layers.
liposomes aid-the cells is weak and can be readily dissociated by washing.
The data presented in this paper can, at this stage, be interpreted in several ways. It is reasonable to assume that the lymphoma cells which have accumulated cholesterol up to the level found in normal lymphocytes are considerably less tumorigenic than the untreated lymphoma cells. The lower rate of ascites tumor formation with these cells could, therefore, originate from the cholesterol-enriched cells themselves. Another possibility is that lymphoma cells which are high in cholesterol are non-tumorigenic, and the observed tumor formation originated from lymphoma cells which were low in cholesterol, either because they. were protected from the lecithin-cholesterol liposome treatment or because they released their excess cholesterol into the peritoneum fluid. The possibility that cholesterol kills lymphoma cells by a nonspecific toxic effect should be also taken into consideration. In that case, the observed tumor formation with the lecithin-cholesterol-treated lymphoma cells could have originated from cells which survived this treatment. In this regard, additional experiments are now being undertaken to assess the viability and the degree of tumorigenicity of cholesterol-enriched lymphoma cells.
Free cholesterol is believed to be present almost exclusively in the cell surface membranes (13) . The artificial increase in cholesterol level in the surface membrane of the lymphoma cells was shown in this study to markedly inhibit the formation of ascites tumor. This effect may be due to the decrease in fluidity of the lipid layer, or to the related gross decrease in plasticity of the cell surface membrane, which supports the notion that the dynamics of the cell membrane is utilized to conduct specific biochemical signals into the cell interior.
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